(18 marks) 



(a) Medical research has shown lhat a certain type of chemotherapy is successful 70% ot the 
time when used to treat skin cancer. Suppose live skin cancer patients are treated with this 
type of chemotherapy and let x equal the number of successful cures out ot the live. I he 
probability distribution ot x is given in the following table: 



X 


0 


1 


2 


3 


4 


5 


P(x) 


0.002 


0.029 


0.132 


0.309 


0.360 


0.168 



a) Find p =E(x). Interpret the result. 

The answer: 

p - E(x) - X x p(x) 

= 0*0.002 + 1*0.029 + 2*0.132 +3*0.309 + 4*0.309 + 5*0.168 
= 3.5 



b) Find o = J E(x-yi ) 2 . Interpret the result. 
The answer: 



o- v Htx u)- 

S 2 = E(x-h) 2 =£0;) 2 -h 2 

E(:v 2 ) = I> 2 P(x) 

= 0 2 *0.002 + 1 2 *0.029 +2 2 *0.132 +3 2 *0.309 +4 2 *0.360+5 2 *0.168 
= 13.298 

S 2 = E(x) z - + = 13.298 - (3.5) 2 = 13.298 - 12.25 = 1.05 

5 = 1.02 



(b) Prove that for any random variable x: 

a) E(ax + b) = a E(x) + b 

The answer: 

E(ax+b)=/_^(a% 4- b)p(x)dx= ax p(x)dx + b p(x)dx 
- a :rp(%)dl+b/_°^ p(x)dx = aE(x)+b = R.H.S 



b) V(ax + b) = a 2 V(x) 

The answer; 

V(ax + b)= E[ (ax + b)- E (ax + b)] 2 = E[ ax + b - aE(x') + b] 2 = 
E[ ax - aE(x)f= a 2 E[x - |d] 2 = a 2 V(x) = r.h.s 






(c) Let x be a continuous random variable with density: 

rK(2-x) 0 < x < 2 

f(x)= i 

Lo elsewhere 

Evaluate K and find the cumulative distribution function. 
The answer: 



v F(x) is a density f unction 




The cumulative distribution function: 

F(x) = | f (x) dx 

3 — GC, 

1 



Then 



f 


(2-x)/2 


,0 < x < 2 


f(x) = 


L 


, elsewhere 


F(x)=f^f(x)dx 




-oo<X<0 


f(x)=0 


F(x)=0 


0<x<2 


f«=^ 


F(x)= F(0)+J* dx= 


2<x<oo 


f(x)=0 


F(x)= F(2)+0=l " 




r 0 


, —CO < X < 1 


Fix) = 


/ x 2 \ 




l*”) 


, 0 < % < 2 


■ 


l 1 


.x > 2 



Question No . 3 (i 8 marks) 

(a) A lair die is tossed. Let X denote twice the number appearing, and let Y denote 1 or 4 
according as an odd or an even number appears. Find the probability, expectation, 
variance and standard deviation of: 

i) X 

The answer: 



X is twice no appearing 

x | 1=2 . x | 2=4 , x | 3=6 , x | 4=8 , x | 5=10 , x | 6=12 
distribution 



X 


2 


4 


6 


8 


10 


12 


P(X) 


1/6 


1/6 


1/6 


1/6 


1/6 


1/6 



p=2/6+4/6+6/6+8/6+ 1 0/6+ 1 2/6=7 
E(x 2 )=4/6+ 1 6/6+36/6+64/6+ 1 00/6+ 1 44/6=60.7 
Var=E(x 2 )-p=11.7 
S.D=3.4 



ii) Y 

The answer: 

y | l=y | 3=y | 5=1 , y | 2=y | 4=y | 6=4 
p(y=l)=p({l,3,5})=l/2 

p(y=4)=p({2,4,6})=l/2 



y 


l 


4 


P(y) 


1/2 


1/2 



p=l/2+4/2=2.5 
E(y 2 )=l/2+16/2=8.5 
Var(y)=8.5 - (2.5) 2 = 2.25 
S.D= 1.5 



iii) X+Y 
The answer: 



^ 5 ‘ J \ — _ 

x+y 


£ 1 

3 


r s! — 1 

7 


8 


11 


12 


16 


P(x+y) 


1/6 


1/6 


1/6 


1/6 


1/6 


1/6 



p=3/6+7/6+8/6+ 1 1/6+12/6+16/6 = 9.5 
E(x+y) 2 =9/6+49/6+64/6+l 22/6+144/6+256/6=107. 166 
Var(x+y)= 107.166 -(9.5) 2 = 16.912 
S.D= 4.1 1 

iv) XY 
The answer: 



x y 1 1=2, xy | 2=16, xy | 3=6, xy | 4=32, xy | 5=10, xy [ 6=48 



"J I 

xy 


2 


7 * \ 

6 


10 


16 


32 




P(xy) 


1/6 


1/6 


1/6 


1/6 


1/6 





E(xy)=2/6+6/6+ 10/6+ 16/6+32/6+48/6 = 19 
E(xy 2 )=4/6+3 6/6+1 00/6+256/6+1 024/6+2304/6 = 620.66 
Var(xy)=620.66 - (19) 2 = 259.66 
S.D=16.1 14 







(b) For the uniform distribution shown in the following figure. 




prove that: 
a) Mean = (b+a)/2 



The answer: 



c oo 

M ean =1 x .p (x ). dx 
J — QO 

f b 1 1 X' 2 

= .x.dx =-, r 

J a b- a b-a 2 

1 r 1 2 2 i O ~ a)- (b + fl) b + a 
~2(b-a )' f a ^~ 2 .(b-a) 2 



b) Variance = (b-a) /12 



The answer: 



E(x 2 )= f— ).x 2 .dx=-l— ±- = — 1 — .(£ 3 - a 3 ) 

V J J a \b-aJ b-a 3 3 .(b-a) 



= u ^ ’ & ~ a ^ + ab + a2 ) 

3 .(b-a) 

(b 2 + ab + a 2 ) ( b + a) 2 

= 3 4 

4(5 2 + ab + a 2) 3{b 2 + lab + a 2 > (6 2 - 2afc + a 2 ) _ (, b - ay 

' 12 12 ~ 12 12 



(c) A family has 6 children. Find the probability P that there are: 

i. 3 boys and 3 girls. 



The answer: 



P(x)= (p) X (l-p) nX 



P(6,3,l/2)= ^ J(l/2) 3 (1-1/2) 6-3 
P(6,3,l/2)=(20)*(l/8)*(l/8) = 5/16 = 0.3 125 



// 





ii. Fewer boys than girls. 
The answer; 



P(0 boys)+p(lboy)+p(2boys)= 

(1/2)6+ (1/2)5 +[ ](l/2)2(l/2)4=ll/32 = 0.3437 



Question No. 4 (is marks) 

(a) Let X be a random variable with the standard normal distribution O. Find: 
i. P(0 < X < 1 .24) 

The answer: 

P(0 < X < 1.24) is equal to the area under the standard normal curve between 0 and 
1 .24. by using the attached table P(0 < X < 1 .24) = 0.3925 




0 1.24 



ii. P(-0.73 <X < 0) 

The answer: 

P(-0.73 < X < 0) = P(0 < X < 0.73) = 0.2673 




- 0.73 0 



i. P(0.65 < X < 1.26) 

The answer: 

P(0.65 < X < 1 .26) = P(0 < X < 1 .26) - P(0 < X < 0.65) 
= 0.3962 - 0.2422 = 0.1540 




0 0.65 1.26 



(b) The mean and standard ,i . . 

the scores in standard units of stud 3’ cxamination are 7 » and I : 

i) 65 °* indents receiving marks 

The answer: 

t = (x-n)A, = (6S-74V12 = - 0.75 

ii) 74 

The answer* 

t = (x-n)/o = (74-74)/12 = 0 

iii) 86 

The answer? 

t = (x-jLi)/a = (86-74)/12 = 1 

iv) 92 

The answer: 

t = (x-p)/o = (92-74)/12 = 1.5 



(c) Suppose the temperature during June is normally distributed with mean 20°C and 
standard deviation 3.33 deg. Find the probability P that the temprature is between 
21.1 1°C and 26.66°C. 

The answer: 

21.1 1°C in standard units = (21.11 -20)/3.33 = 0.33 
26.66°C in standard units = (26.66 - 20)/3.33 = 2 



Then 

P = P(26.66<T<2 1.11) 

= P(0<T*<2) - P(0<T*<0.33) 
= 0.4772 - 0. 1 293 = 0.3479 




Best wishes 



